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Abstract Prestin has been identified as a motor protein responsible for outer hair cell（OHC）electromotility and is
expressed on the OHC surface. Previous studies revealed that OHC electromotility and its associated nonlinear capac⁃
itance were mainly located at the OHC lateral wall and absent at the apical cuticular plate and the basal nucleus re⁃
gion. Immunofluorescent staining for prestin also failed to demonstrate prestin expression at the OHC basal ends in
whole-mount preparation of the organ of Corti. However, there lacks a definitive demonstration of the pattern of pres⁃
tin distribution. The OHC lateral wall has a trilaminate organization and is composed of the plasma membrane, corti⁃
cal lattice, and subsurface cisternae. In this study, the location of prestin proteins in dissociated OHCs was examined
using immunofluorescent staining and confocal microscopy. We found that prestin was uniformly expressed on the ba⁃
solateral surface, including the basal pole. No staining was seen on the cuticular plate and stereocilia. When
co-stained with a membrane marker di-8-ANEPPS, prestin-labeling was found to be in the outer layer of the OHC
lateral wall. After separating the plasma membrane from the underlying subsurface cisternae using a hypotonic extra⁃
cellular solution, prestin-labeling was found to be in the plasma membrane, not the subsurface cisternae. The data
show that prestin is expressed in the plasma membrane on the entire OHC basolateral surface.
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Introduction
Mammalian hearing function relies upon active
motility of outer hair cells（OHCs）to boost the basilar
membrane vibration［1, 2］. Prestin has been identified as a
motor protein ［3］ and is expressed on the plasma
membrane of OHCs［4, 5］. The OHC has a cylindrical
shape. Its apical pole is sealed by the cuticular plate,
where stereocilia are located., and its basal pole
contains a nucleus and forms synapses with auditory
nerves. The OHC lateral wall has a unique trilaminate
organization composed of plasma membrane（PM）,
cortical lattice（CL）and subsurface cisternae （SSC）
［6-11］. The PM is the outermost layer of the lateral wall.
The CL is located beneath the PM and is an
orthrotropically organized cytoskeletal structure. The
SSC is the innermost layer composed of endoplasmic
membranous laminates［12］. The CL and SSC line the
lateral cytoplasmic surface of the plasma membrane and
terminate above the nucleus level.
Previous studies have showed that OHC eletromotility
resides at its lateral wall and can arise from any point
along the lateral wall［13-15］. Patch clamp recording also
showed that the motility-assocaited nonlinear capaci⁃
tance was recordable along the lateral wall but was unde⁃
tected below the nucleus level at the basal pole ［16］. It
has been assumed that motor protein has no distribution
in the plasma membrane below the nucleus level［15, 16］.
Immunofluorescent staining for prestin in whole-mount
preparation of the organ of Corti has showed a ring-like
labeling pattern at the cross-section of confocal scan⁃
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ning along the OHC longitudinal axis, suggesting that
prestin is expressed on the OHC surface［4, 5, 17］. How⁃
ever, the distribution of prestin on the OHC surface and
its precise subcellular location in the lateral wall still
lack a clear demonstration. In this study, we examined
the expression of prestin in the single dissociated OHC
by immunofluorescent staining and confocal microscopy.
We found that prestin was uniformly expressed on the
OHC basolateral surfcace, including the basal pole sur⁃
face below the nucleus level. In the lateral wall, pres⁃
tin-labeling was located in the plasma membrane. No
prestin-labeling was observed in the subsurface ciste⁃
mae.
Materials and Methods
Animal and outer hair cell preparation
Albino guinea pigs weighing betwwen 200-400g were
decapitated and the temporal bones removed. The otic
capsule was dissected in a standard extracellular
solution（130 Nacl, 5.37 KC1, 1.47 MgCl2, 2 CaCl2, 25
Dextrose, and 10 HEPES in mM; 300 mOsm and pH
7.2） to reveal the organ of Corti. After the tectorial
membrane and stria vascularis were removed, the
sensory epithelium（organ of Corti）was picked away
with a sharpened needle. The sensory epithelia were
further dissociated with trypsin（1 mg/ml） for 5-10
minutes. The dissociated cells were then transferred to a
dish for staining.
Immunofluorescent staining for prestin
The dissociated cochlear cells were immediately fixed
with 4% paraformaldehyde for 30 minutes. After wash⁃
ing with 0.1 M PBS for 3 times, the dissociated cells
were incubated in a blocking solution（10% goat serum
and 1% BSA in the PBS）with 0.1% Triton X-100 for
20 minutes. Then, the cells were incubated with poly⁃
clonal rabbit anti-mouse-prestin (1 : 1, 000 ~1, 500,
courtesy gift from Dr. Zheng）［5,18］ in the blocking soultion
at 4℃ overnight. For the control, the anti-prestin anti⁃
body was omitted. After washout, the cells were allowed
to react to an Alexa Fluor 488-conjugated goat anti-rab⁃
bit IgG（1:500; Cat. A11034, Molecular Probes）in the
blocking solution at room temperature for 1 hour. In or⁃
der to identify the localization of prestin in the trilami⁃
nate lateral wall, we co- stained cells with di- 8-
ANEPPS, which is a membrane marker that can insert
into the phospholipid bilayer and can be used to demon⁃
strate the plasma membrane and cytoplasmic membra⁃
nous organelles. For co- staining with the dye di- 8-
ANEPPS, the dissociated cochlear cells were further in⁃
cubated in 30 μM di-8-ANNEPPS（D-3167, Molecular
probes Inc., Eugene, OR）for 2 minutes after the 2nd an⁃
tibody incubation. After completely washing out with 0.1
M PBS, the staining was examined under a confocal la⁃
ser-scanning microscope.
Hypotonic challenge
To better determine the location of prestin in the
OHC lateral wall, OHC swelling was induced through
challenging the cells with a hypotonic extracellular
solution to separate the plasma membrane from the
bottom SSC and CL ［11］. Cells were incubated in a
hypotonic extracellular solution（275 mOsm）, which had
same composition ion comparing with normal
extracellular solution and was adjusted using Dextrose
and measured with a micro-computer controlled
osmometer（Model 3300, Advanced Instruments Inc.
Norwood, MA）, for 5 min prior to fixation.
Confocal laser-scanning microscopy
Stained cells were examined under a Leica confocal
microscope（Leica TCS SP2）equipped with a 40X or
100x apochromatic oil objective lens. The argon（488
nm）laser with 4976-530 nm and 630-710nm emission
filters was used for the visualization of Alexa Fluor 488
and di-8-ANEPPS, respectively. No cross-talking was
observed. The nomarski image was taken from the
transparent image.
Results
Immunofluorescent staining of dissociated outer hair
cells for prestin showed a strong labeling on the cell
surface（Fig. 1）. The prestin-labeling was visible on the
OHC surface along the lateral wall below the cuticular
plate. No labeling was seen in the apical cuticular plate
or stereocilia（Fig. 1D）, consistent with previous
observations［4, 5, 17］. Moreover, prestin-staining was not
observed in a connected Deiters cell（white arrow in Fig.
1B）, which has been considered to have no prestin
expression, demonstrating a high specificity of staining
for prestin. However, different from the previous reports,
the strong prestin-labeling was also visible at the basal
membrane（Fig. 1A&C）. The staining was visible along
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the lateral wall just below the cuticular plate down to
the basal end（Fig. 1A&C）. Prestin was not labeled on
the nucleus membrane at the basal pole (Fig. 1C&D).
The basal end of the OHC in Fig. 1C&D appears
somewhat swollen with the plasma membrane detached
from the nuclear membrane. Prestin was labeled at the
swollen plasma membrane, not the underlying nucleus
membrane.
The OHC lateral wall is composed of the plasma mem⁃
brane, cortical lattice, and subsurface cisternae. Fig. 2B
shows that di-8-ANEPPS labeled the OHC membra⁃
nous organelles, including the plasma membrane, sub⁃
surface cisternae, endoplasmic reticulum, cuticular
plate and stereocilia. A merged image of prestin and
di-8-ANEPPS staining（Fig. 2C） shows overlapped
prestin and di-8-ANEPPS staining at the basolateral
wall. Prestin labeling is absent in ruptured lateral wall
after hypotonic challenge（arrows in Fig. 3A-C）.
At high power magnification（insets in Figs. 2C and
3F）, prestin is clearly shown to be located solely in the
outer layer in the OHC lateral wall. At, di-8-ANEPPS
staining is visible in the inner layer with no prestin la⁃
beling（open arrows in the insets in Fig. 2C and 3F）.
Fig. 3D-F show anti-prestin labeling in the plasma
membrane-formed bubble（arrow head in Fig. 3D-F）,
but not in the underlying SSC and CL, consistent with
previous reports that the OHC motor protein is located
within the plasma membrane at the OHC lateral wall
［14,19,20］.
Fig. 4 shows absence of prestin labeling in the nucle⁃
us or cytoplasm, against the background of uniform pres⁃
tin staining on the cell basolateral surface and
di-8-ANEPPS labeling in endoplasmic membranous or⁃
ganelles, which indicates adequate penetration of the an⁃
ti-prestin antibody and dye.
Discussion
This study with dissociated OHCs clearly demon⁃
strates a uniform distribution of prestin on the OHC ba⁃
solateral suface. This contradicts previous reports that
Fig. 1 Immunofluorescent staining of outer hair cells（OHCs）
for anti-prestin. A & C: Immunofluorescent images of OHCs
for prestin staining. The uniform staining is visible on the sur⁃
face of the cell basolateral wall. B & D: Merged images of no⁃
marski images and immunofluorescent images. A white arrow
in panel B indicates a collapsed Deiters cell that has no fluores⁃
cent labeling. A black arrow head and arrows in panel D indi⁃
cate stereocilia and the cuticular plate, respectively, which
have no prestin labeling. Scale bars: 15 m.
Fig. 2 Co-staining of an OHC for prestin and di-8-ANEPPS.
A. Immunofluorescent image for prestin staining. B. fluorescent
image for dye di-8-ANEPPS staining. Besides the plasma
membrane, the cuticular plate, stereocilia, and endoplasmic
membranous organelles are also labeled. C. A merged image of
prestin and di-8-ANEPPS staining shows that prestin labeling
is overlapped with di-8-ANEPPS staining on the surface of the
Ohc lateral wall. An arrow head and arrows indicate stereocilia
and the cuticular plate, respectively, which have
di-8-ANEPPS staining but no prestin labeling. Inset: A high
magnification image of co-staining at the OHC lateral wall.
Open arrow heads indicate the cytoplasmic surface of the later⁃
al wall has no prestin labeling. Scale bar: 1 m. D. The cell no⁃
marski image. Scale bar: 15 m.
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prestin lacks expression below the nucleus level at the
basal pole. Several reasons may result in this discrepan⁃
cy. First, the prestin may laterally diffuse down the nu⁃
cleus level after dissection. Lateral diffusion of the plas⁃
Fig. 3 Co-staining of OHCs for prestin and di-8-ANEPPS after treatment with hypotonic extracellular solution. A-C: Fluorescent
images of an OHC staining for prestin and di-8-ANEPPS. White arrows indicate ruptured plasma membrane with neither prestin nor
di-8-ANEPPS labeling. D-F: Fluorescent images of an OHC for prestin and di-8-ANEPPS staining after hypotonic challenge. An
arrow head indicates the separation of the plasma membrane from the subsurface cisternae layer underneath, forming a bubble that
has both prestin and di-8-ANEPPS labeling. Inset in panel F: A hight magnification image. Open arrow heads indicate that the sub⁃
surface cisternae layer with only di-8-ANEPPS labeling. Scale bars: 10 m; inset: 1 m.
Fig. 4 Lack of prestin staining in cytoplasm. OHCs were
co-stained for prestin and di-8-ANEPPS. A-C: Immuno⁃
fluorescent staining for prestin shows uniform labeling on
the OHC surface, including on the basal surface. No pres⁃
tin staining is visible in the cytoplasm, where the
di-8-ANEPPSE stained membranous structures are clear⁃
ly visible. D-F: An OHC stained with anti-prestin and
di-8-ANEPPS. With strong prestin staining on the cell
surface (except the apical cuticular plate), stereocilia, and
cytoplasm. Scale bar: 20 m.
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ma membrane along the OHC lateral wall has been re⁃
ported［19, 20］. For some unknown mechanisms, the prestin
may be restricted from diffusing down below the nucleus
level in vivo. Dissection may have removed the restric⁃
tion, resulting in prestin diffusion down toward the nu⁃
cleus end.
Second, in situ, the basal end of an OHC sits on a cup
by Deiters cells, while embedded by synapses with audi⁃
tory nerve endings. In the whole-mount preparation of
the organ of Corti, the OHC basal end may be covered
and inaccessible, resulting in failure of immunofluores⁃
cent prestin staining at the OHC basal pole［4,5,17］.
In patch recording, electromotility or nonlinear capac⁃
itance is almost undetectable at the basal pole of a disso⁃
ciated OHC［13,15,16］. This implies that prestin may have no
function in the basal membrane. Recently, we reported
that the prestin can be regulated and may be in continu⁃
ous recycling during its life span［22］. The membrane in
the basal pole may provide a platform for prestin recy⁃
cling. Prestin is located in the plasma membrane（Figs.
2-4）. In the guinea pig, as many as 12 layers of lami⁃
nates have been identified underlying the plasma mem⁃
brane of the OHC lateral wall［8］. We did not find any
prestin-labeling in the CL and SSC（Figs.2-3）. It seems
unlikely that prestin passes through these lateral layers
into the plasma membrane. The OHC lateral laminate
structure is terminated just above the nucleus level.
There are no CL and SSC below the nucleus level. The
endoplasmic reticulum and Golgi network can directly
connect to the basal plasma membrane. The prestin pro⁃
tein may first insert into the basal plasma membrane be⁃
low the nucleus level and then diffuse up to the lateral
wall.
It has been hypothesized that prestin may play an im⁃
portant role in the release of neurotransmitter ves⁃
sels［23］. The fact that prestin has expression in the basal
membrane synaptic area provides experiment evidence
for this hypothesis. Prestin may be cable of enhancing
neurotransmitter release by amplification of flexoelec⁃
tricity forces.
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